The phytoplankton limitation conditions in a few Bulgarian and Hungarian wetlands and in two more sampling sites, one for each Danube stretch, were investigated by means of trophic state index of Carlson (1977) for phytoplankton chlorophyll-a (CHL), Secchi disk depths (SD), total phosphorus (TP), and total nitrogen (TN) concentrations. Phytoplankton of both river sites was not limited by non-algal turbidity, nor was they phosphorus and nitrogen limited. In summer months the studied wetlands were predominantly nitrogen limited, while in spring and autumn limitation by non-algal turbidity prevailed.
INTRODUCTION
According to Lieth (1975) swamps, moors, and similar extremely shallow aquatic ecosystems (i.e. wetlands) are among the most productive territories on the earth. The Danube River adjacent wetlands belong to this category and their high productivity on one hand means utilization of nutrients, but depending on hydrology the primary production could be transformed into fish yield. Probably as a result of considerable wetland reduction and increasing isolation from the main river the fish productivity is decreasing (Kalchev et al., 2007) and depending on connectivity to the main river and prevailing hydrology conditions wetlands are functioning as sinks for nutrient load brought in the floodplain by the river and as filter between terrestrial and the river areas (Hein et al., 2005; Bondar et al., 2007) . The capacity of wetlands to act as filter or sink for nutrients depends on the intensity, i.e. on limitation conditions of process of primary production, accomplished by two producers − phytoplankton and macrophytes. While the methodology for measuring phytoplankton productivity is advanced and simplified long time ago (Vollenweider, 1969; Carlson, 1977 Carlson, , 1991 ) the unified estimation of productivity of both phytoplankton and macrophytes together is still a difficult task (Canfield, 1984) due to the tedious nature of macrophyte measurements, heterogonous, diverse character of wetland biotopes and strong influence of varying hydrology. Nevertheless, the compiled data of nutrient concentrations, main photosynthetic pigment, and water column transparency for several years by application of wide spread methodology for trophic status estimation (Havens, 1994 give the opportunity to get insight into main trophic characteristics and differences between Hungarian (middle Danube) and Bulgarian (the Lower Danube) wetlands.
MATERIALS AND METHODS
Sampling sites in the Lower Danube River encompassed three marshes located on Belene Island (Murtvo blato, Peschin, and Dyulova bara, forming the wetland group of lake type), the middle of the river side arm located in front of Belene locality, and three other wetlands (Kalimok Canal, Kalimok Marsh, and Brushlen Canal -the wetland group of canal type) in the Kalimok-Brushlen protected area (Fig. 1) .
Water samples were taken in spring, summer, and autumn between autumn 2009 and spring 2012. Total nitrogen (TN), total phosphorus (TP), and turbidity at 550 nm as absorbance were determined colorimetrically with Nova 60 photometer and ready to use kits from Merck. The chlorophyll-a samples after filtering through 0.7 μm glass fibre filter and storage in liquid nitrogen were analysed in the laboratory according to ISO 10260 standard (ISO, 1992) . The water column transparency was measured by means of Secchi disk. In some cases such measurements were not possible due to low depth and high transparency and therefore we calculated the missing Secchi disk values by means of the regression equation based on absorbance at 550 nm and Secchi disk readings from the same wetlands when such measurements were possible (lg10 (SD) = -0.536 -0.653*lg10 (Absorbance), n = 14, R 2 = 0.772, P < 0.00005). The sampling campaign of Hungarian wetlands includes Mohács Danube River, Riha and Mocskos wetland sites (Fig. 2 ) in years 2012 (six visits), 2013 (four visits), and 2014 (three visits). Standard analytical methods (Golterman et al., 1978) were used for determination of suspended particular matter (SPM), total phosphorus (TP), and chlorophyll-a (Chl). Total nitrogen (TN) was determined by TOC analyser (Elemetar-liqui-TOC). Because the SPM data were not appropriate for calculation of trophic state index of Carlson (1977) and no local data were available to convert SPM values into Secchi depth readings for this purpose we used relationships published by Dahlgren et al. (2004) . They derived regression equations for California streams and waterways, which were shallow and streaming like most of Hungarian wetlands along the Danube River, which are temporary streaming and temporary stagnant. The compiled values of chlorophyll-a (CHL), Secchi disk readings (SD), total phosphorus (TP), and total nitrogen (TN) were converted into trophic state index (TSI) of Carlson using formulas published by Carlson (1977) and Havens (1994) . The deviations between four trophic state indices were used to evaluate the kind and degree of nutrient limitation and composition and particle size of seston after Havens (1994) . As shown in figure 3 negative differences of TSI of Chl and TSI of nutrients (TP, TN) on the ordinate axis indicates a lack of nutrient limitations and vice versa, while the gradient from negative to positive differences between TSI of Chl and TSI of SD on abscissa axis indicates transition from small to large algae and from non-algal turbidity to zooplankton grazing.
The statistical analysis includes linear regression calculation which was carried out by PAST statistical package (Hammer et al., 2001 ).
RESULTS AND DISCUSSION Limitation conditions
The deviations between four calculated TSI for Bulgarian wetlands and Danube River in figure 4 (A-C) show that phosphorus never limits the phytoplankton growth. The scatter of Danube River samples in figure 4A demonstrates prevailing limitation by nonalgal turbidity except in one to two summer samplings in which the phytoplankton seems to consist of nitrogen limited large algae. The non-algal turbidity limitation effect in Danube is still a natural situation despite its considerable reduction during the last decades.
In wetlands of lake type on Belene Island situated in the middle of the river the nitrogen limitation is stronger than in the river (Fig. 4B) . Four summer samplings have nitrogen limited large algae, while two spring and one summer samplings have small slightly nitrogen limited algae. However, the majority of samplings from these lake type wetlands in autumn and spring are characterized by considerable non-algal turbidity limiting the phytoplankton growth. This turbidity might have two origins: the connection to the river which is more pronounced in spring and autumn and the strong wind influence on these shallow waters (about one m depth). The zooplankton grazing might also be of importance due to low number or complete fish absence as a result of restricted connection to the river and reduced oxygen concentration during the night, caused by intense decay of plant organic matter. The Bulgarian wetlands of canal type, considerably remote from the river with little or no connection to the river and bordering on cultivated farmland, are distinguished by more clearly expressed nitrogen limited algae (Fig. 4C) . Obviously considerable quantities of phosphorus are entering the wetlands by surface run off and ground waters, which leads to nitrogen limitation again more pronounced during the summer months and one spring month of sampling. The non-algal turbidity influence seems to be limited to a few samplings due to greater depth (up to four-five meters at high river levels) and shelter against wind provided by strong plant growth frequently covering both canal banks.
In the middle Danube River similarly to the Lower Danube the majority of samplings are dominated by non-algal turbidity, which is usual for flowing waters and still valid for the Danube River despite the large number of reservoirs build on its tributaries and similar facilities built in the river itself (Fig. 4A) . With very few exceptions phytoplankton of almost all samplings is limited neither by phosphorus nor by nitrogen and the non-algal turbidity might be the only factor affecting algae because the zooplankton seems to have no noticeable effect in this river stretch.
Riha Wetland like the Danube River are neither phosphorus nor nitrogen limited (Fig. 4B) . However, the difference is that only spring and part of summer samplings are under the influence of non-algal turbidity. The rest of samplings are exposed to zooplankton grazing, which, as shown, was completely absent in this part of the Danube River. Most probably during summer-autumn months the fish press on zooplankton in this isolated from the river wetland is weakened, which could explain the occurrence of zooplankton grazing.
The Mocskos Wetland demonstrates a weak but clear nitrogen limitation of phytoplankton occurring in some of late summer and autumn months (Fig. 4C) . The reason for this might be a lower supply of nitrogen because its catchment is exposed to a lesser agricultural influence than the Riha Wetland. In some of the spring and summer months we observed zooplankton grazing, but there are enough summer samplings in which the nonalgal turbidity was the limiting factor. This heterogeneity of limitations might be the result of different distance to and as a consequence of different exposure of Mocskos Wetland sampling sites to varying Danube influence, while Riha being completely isolated from the river did not demonstrate such variability in limitation conditions.
Trophic status estimation
Considering the obtained TSI values for all four variables (Chl, SD, TP, and TN) we have to bear in mind that TSI Chl is closer to a true, generated productivity (trophy), while the other three, especially when their values are higher than that of TSI Chl , present potential trophy. By means of the classification scale providing approximate trophic ranges published by Gibson et al. (2000) the TSI Chl of Bulgarian Danube and Belene Wetlands seem to be mesotrophic, while Kalimok Wetland and all Hungarian sites are eutrophic (Tab. 1). However, except the Danube River where no macrophytes are available, the TSI of both Bulgarian and Hungarian wetlands underestimate the real value of whole ecosystem trophy because beside the phytoplankton they also have a strong aquatic macrophyte growth, with considerable and difficult to measure share of total ecosystem primary production. Canfield and Jones (1984) . Canfield et al. (1983a, b) assume that real trophic state estimated by phosphorus is a sum of quantities in water column and aquatic macrophyte tissue, despite that it is known that macrophytes take up nutrients from both water column and sediment (Porcella et al., 1979; Tosheva and Traykov, 2012) . Based on the well-known negative relationship between macrophyte growth and phytoplankton chlorophyll-a, our experience that macrophyte development varies between years and seasons, we tested the relationship between four derived trophic state indices and percentage area covered by aquatic macrophytes in the hope, that at zero macrophyte cover we will be able to read the real trophic state. We obtained only two statistically significant linear regressions. In Mocskos Wetland, which is nitrogen limited, we obtained TSI TN = 71 -0.078*%Area Macrophytes , R 2 = 0.32, P < 0.002, which means at zero macrophytes the trophic state might be close to hypereutrophic i.e. TSI = 71. This is bigger than 60.9 for TSI Chl and close to AM of TSI TN in table 1 (71.9). The second linear regression is TSI Chl = 80.6 -0.325**%Area Macrophytes , R 2 = 0.24, P < 0.05 in Bulgarian Kalimok-Brushlen Wetland of canal type. The TSI at zero macrophytes would be 80.6, which is considerably higher than the table mean value for TSI Chl of 53.6. The lack of statistically significant relationships between percentage area covered by macrophytes and other trophic state indices might be due to incomplete data collected about macrophytes. As practiced by Porcella et al. (1979) and Canfield et al. (1983a) we could supplement them with density of macrophyte stocks and utilize recent technical advancements to apply flying drones for better visual estimation of area covered by macrophytes.
CONCLUSIONS
This paper indicates once more the lack of phosphorus, or very weak and seldom occurring nitrogen limitation in the Middle and Lower Danube River, which indirectly support the previous suppositions in the literature for the limiting role of silica for river phytoplankton (Kalchev et al., 2008) . The phosphorus load on wetlands is also considerable and seems even higher than on the river, despite the diminishing effect of abundant macrophyte growth. This leads to nitrogen limitation, which is more expressed in wetlands of the Lower than the Middle Danube. More precise determination of macrophyte share from primary production of wetland ecosystems but also accounting for morphology, hydrology, and possible toxic influences e.g. by cadmium brought into water by phosphorus fertilizers will allow more accurate estimation of wetland trophic status and their capacity to diminish the anthropogenic load on the river.
